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[57] ABSTRACT

A semiconductor manufacturing system includes a loadlock
chamber, a low level vacuum pump connected to said
loadlock chamber so as to create a low level vacuum 1n the
loadlock chamber, a processing chamber 1n which a semi-
conductor manufacturing process 1s carried out while the
processing chamber 1s maintained at a high level vacuum, a
cgate valve mterposed between and connecting the loadlock
chamber and the processing chamber, and a pressure reliev-
ing device for reducing the pressure difference between the
low level vacuum of the loadlock chamber and the high level
vacuum of the processing chamber at the time the gate valve
1s opened. The pressure relieving device 1s a high level
vacuum pump which can be dedicated to the loadlock
chamber or which can be the same pump as that used to
evacuate the processing chamber. The high level vacuum
pump 1s connected to the loadlock chamber by an air valve.
The system 1s operated under a method 1n which air 1s fed
to both the air valve and with a certain delay thereafter to the
cgate valve. The air valve opens first, and the high level
vacuum pump evacuates the loadlock chamber before the
fed air opens the gate valve. In this way, particles m the
loadlock chamber are prevented from being induced into the
processing chamber at the time of transfer of objects from
the loadlock chamber to the processing chamber through the
gate valve.
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SEMICONDUCTOR DEVICE
MANUFACTURING SYSTEM HAVING
MEANS FOR REDUCING A PRESSURE

DIFFERENCE BETWEEN LOADLOCK AND
PROCLESSING CHAMBERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor manu-
facturing system and to a method of operating such a system.
More particularly, the present 1invention relates to a semi-
conductor manufacturing system comprising a loadlock
chamber maintained at a low level vacuum, a processing
chamber maintained at a high level vacuum, and a gate valve
interposed between the loadlock chamber and the processing
chamber.

2. Description of the Related Art

Generally, a semiconductor device manufacturing process
1s performed 1nside a processing chamber which 1s main-
tained under a high vacuum. The process 1s carried out with
a gas having a relatively low particle density (number of gas
particles per volume of the chamber).

However, when the wafers to be processed are supplied
into the processing chamber, a vortex 1s often generated by
the difference in pressure between the 1nside and outside of
the chamber. Therefore, the particles outside the processing
chamber are induced 1nto the chamber by the vortex, thereby
causing a processing failure to occur in the subsequent
semiconductor manufacturing process.

Generally, the wafers associated with this process first
pass through a loadlock chamber maintained at a pressure of
100 to 500 mTorr. From there, the wafters are moved into the
processing chamber which 1s maintained at a pressure of less
than 10 mTorr, which represents a much higher level
vacuum than that of the loadlock chamber.

FIG. 1 shows a loadlock chamber 10 in which watfers are
processed. The loadlock chamber 10 i1s connected to a low
vacuum level pump 12 by a loadlock chamber low level
vacuum line 14 1n which an 1solation valve 16 1s disposed.

FIG. 1 also shows a processing chamber 18 1in which a
semiconductor device manufacturing process 1s performed
using a processing gas. The processing chamber 18 1s
connected to a low vacuum level pump 24 through a
processing chamber high level vacuum line 26 in which a
discharge valve 20, a high vacuum level pump 22, and an
1solation valve 28 are disposed in the order of flow of
discharge gas.

The loadlock chamber 10 and the processing chamber 18
are connected to each other by a gate valve 30. The gate
valve 30 1s connected to an air source 36 by an air supply
line system 35 which comprises an opening line 32 and a
closing line 34. The gate valve 30 1s opened when a certain
amount of air 1s supplied into the gate valve 30 through the
opening line 32, and 1s closed when a certain amount of air
1s supplied thereinto through the closing line 34.

Therefore, when the waters to be processed are introduced
into the loadlock chamber 10 under a normal atmospheric
state, the 1solation valve 16 1s opened, and the pressure of the
loadlock chamber 10 1s maintained at a constant low vacuum
level by the low level vacuum pump 12.

Then, a certain amount of air from the air source 36 1s
supplied to the gate valve 30 through the opening line 32 of
the air supply line system 35. Consequently, the gate valve
30 1s opened.
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Then, after a certain low level vacuum 1s produced by the
low level vacuum pump 24 with the discharge valve 20
open, the wafers are moved 1nto the processing chamber 18.
This processing chamber 18 1s maintained at a high vacuum
level by the high level vacuum pump 22.

Finally, the semiconductor device manufacturing process
using a processing gas 1s performed 1nside the processing
chamber 18, whereby by-products accumulate inside the
processing chamber. However, when the gate valve 30 1s
opened to facilitate the transfer of wafers, a vortex occurs
due to the pressure difference between the loadlock chamber
10 and the processing chamber 18 which are maintained at
a low level vacuum and a high level vacuum, respectively.
Theretore, the particles existing 1nside the loadlock chamber
10 are mduced into the processing chamber 18, and the
by-products accumulated in the processing chamber 18 are
scattered 1n the processing chamber 18. Consequently, the
walers become contaminated.

In addition, the vortex applies pressure to the gate valve
30 interposed between the loadlock chamber 10 and the
processing chamber 18. As a result, the life of the gate valve
30 1s shortened.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to provide a semi-
conductor device manufacturing system, and a method of
operating such a system, for preventing a vortex from being
ogenerated when a gate valve, interposed between a loadlock
chamber
(maintained at a low level vacuum) and a processing cham-
ber (maintained at a high level vacuum), is opened.

To achieve this and other objects and advantages, the
present mvention provides a semiconductor device manu-
facturing system including a loadlock chamber connected to
a low level vacuum pump and a processing chamber con-
nected to a high level vacuum pump. A gate valve 1is
interposed between the loadlock chamber and the processing
chamber. A pressure relieving means 1s provided for reduc-
ing the pressure difference between the low vacuum level of
the loadlock chamber and the high vacuum level of the
processing chamber when the gate valve 1s opened.

The pressure relieving means 1s a high level vacuum
pump connected to the loadlock chamber 1n order to form a
high level vacuum 1nside the loadlock chamber. Therefore,
the high level vacuum pump constituting the pressure reliev-
ing means can be the same high level vacuum pump which
1s connected to the processing chamber.

In addition, an opening/closing valve 1s disposed 1n the
higch level vacuum line which connects the high level
vacuum pump to the loadlock chamber. A filter can be
interposed between the loadlock chamber and the opening/
closing valve to filter gas flowing through the high level
vacuum line. A manual valve 1s provided in-line between the
loadlock chamber and the filter.

The system 1s provided with a mechanism to open the gate
valve once the pressures 1n the loadlock chamber and the
processing chamber become equal. To this end, an air source
1s connected to the gate valve by a system of air supply lines.
An air valve 1s disposed in the high level vacuum line
connecting the high level vacuum pump to the loadlock
chamber. The air valve 1s connected to the air supply line
system.

The system of air supply lines includes an opening line
and a closing line. A delay means, such as a needle valve, 1s
disposed 1n the opening line at a location between the gate
valve and a point where the air supply line system 1s
branched to the air valve. The delay means provides a delay
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for the opening of the gate valve, thereby causing the gate
valve to open at some time after the pressures 1in the loadlock
and processing chambers have equalized.

The method of operating the system described above
comprises the steps of: loading the object(s) to be processed
into the loadlock chamber and operating the low level
vacuum pump to maintain the loadlock chamber at a low
vacuum level; operating the high level vacuum pump to
maintain the processing chamber at a high vacuum level;
subsequently opening the air valve to place the high level
vacuum pump 1n open communication with the loadlock
chamber and continuing to operate the high level vacuum
pump until the loadlock chamber assumes a constant high
vacuum level; subsequently opening the gate valve; and
subsequently transferring the object(s) from the loadlock
chamber to the processing chamber. Once the object(s) 1s/are
in the processing chamber, the gate valve 1s closed and the
object(s) are processed using a processing gas.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention and 1ts advantages will be described
with reference to the accompanying drawings, 1n which:

FIG. 1 1s a schematic diagram of a conventional semi-
conductor manufacturing system;

FIG. 2 1s a schematic diagram of one embodiment of a
semiconductor manufacturing system according to the
present mvention; and

FIG. 3 1s a flowchart illustrating the method of operating
the semiconductor manufacturing system according to the
present mvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated in the accompanying drawings.

FIG. 2 1s a schematic diagram of one embodiment of a
semiconductor manufacturing system according to the
present invention. In FIG. 2, a loadlock chamber 10 accom-
modates wafers under a low level vacuum. The loadlock
chamber 10 1s connected to a low level vacuum pump 12,
such as a dry pump. The vacuum pump 12 1s connected to
the loadlock chamber by a low level vacuum line 14 having
an 1solation valve 16 therein.

In addition, a processing chamber 18 1s used for holding
semiconductor wafers under a high level vacuum below 10
mTorr while the wafers are processed using a gas having a
low particle density. The processing chamber 18 i1s con-
nected to a low level vacuum pump 24, such as a dry pump,
by a processing chamber high level vacuum line 26. A
discharge valve 20, a high level vacuum pump 22, such as
a turbo pump, and an 1solation valve 28 are disposed 1n the
high level vacuum line 26 1n the foregoing order as taken 1n
the direction of flow of the gas discharged from the pro-
cessing chamber 18.

A gate valve 30 1s interposed between the loadlock
chamber 10 and the processing chamber 18. The gate valve
30 1s connected to an air source 36 by an air supply line
system 35 comprising an opening line 32 and a closing line
34. In addition, the gate valve 30 1s opened/closed by a
predetermined amount of air which 1s selectively supplied
through the opening line 32 and the closing line 34. A delay
valve 40, such as a needle valve, 1s provided in the opening,
line 32 to bleed air in the opening line 32 to the gate valve

30.
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In addition, the bottom of the loadlock chamber 10 1s
connected to the high level vacuum pump 22 by a high level
vacuum line 44. A manual valve 46 which 1s opened and
closed by an operator of the system, a filter 48, and an air
valve 50 are disposed 1n the high level vacuum line 44 1n the
foregoing order as taken in the direction of flow of gas
discharged from the loadlock chamber by the high level
vacuum pump 22. An air divergence line 42 1s connected at
one end between the air source 36 and delay valve 40, and
connected at the other end to air valve 50.

Referring now to both FIGS. 2 and 3, when the semicon-
ductor wafers are to be loaded (S1) into the loadlock
chamber 10, the 1solation valve 16 1s opened. Accordingly,
the loadlock chamber 10 1s maintained at a constant low
vacuum level by the low level vacuum pump 12 (S2A)
connected to the loadlock chamber 10 by the low level
vacuum line 14.

In addition, the discharge valve 20 in the processing
chamber high level vacuum line 26 1s opened, and the
processing chamber 18 1s maintained at a constant low
vacuum level by the low level vacuum pump 24.
Subsequently, the processing chamber 18 1s set to a high
vacuum level of a pressure below 10 mTorr by the high level
vacuum pump 22 (S2B).

Then, the manual valve 46 1n the high level vacuum line
44 is opened by the operator (S3). Next, a certain amount of
air 1s discharged from the air source 36 (S4) through the
opening line 32 of the air supply line system 35. The air
induced into the opening line 32 passes through the delay
valve 40 and 1s thus supplied to the gate valve 30 in small
measured amounts.

Meanwhile, a certain amount of the air discharged into the
opening line 32 passes through the air divergence line 42 and
1s supplied to the air valve 50 disposed i the high level
vacuum line 44. Accordingly, the air valve 50 1s opened
(S5).

Therefore, the high level vacuum pump 22 evacuates the
loadlock chamber 10 through the now open air valve 50,
filter 48, and manual valve 46 disposed i1n the high level

vacuum line 44 (S6).

The discharged gas from the loadlock chamber 10, 1nclud-
ing the particles existing in the loadlock chamber 10, is
forced through the manual valve 46 by the high level
vacuum pump 22, passes through the filter 48 where the
particles are filtered out, passes through the air valve 50 and
the processing chamber high level vacuum line 26, until the
loadlock chamber 10 assumes a high vacuum level equal in
pressure to that of the processing chamber 18.

When the pressure of the loadlock chamber 10 equals that
of the processing chamber 18, enough air from the air source
36 has passed through the delay valve 40 to open the gate
valve 30 (57).

Then, the wafers 1nside the loadlock chamber 10 are
transterred to the processing chamber 18 through the open
gate valve 30 (S8). The air source 36 is then controlled to
stop supplying air into the opening line 32, and instead
supplies air to the closing line 34 (59) so as to close the gate
valve 30 (510). The semiconductor device manufacturing
process 1s performed under the high vacuum level main-
tained in the processing chamber 18 (S11).

In another embodiment of the present invention, a high
level vacuum pump separate from that used to evacuate the
processing chamber 18 can be used to reduce the pressure
difference between the processing chamber 18 and the
loadlock chamber 10. In this embodiment, it 1s the separate
high level vacuum pump that is connected to the loadlock
chamber 10 by the high level vacuum line 44.
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The present mvention thus overcomes the defect in the
prior art of the vortex produced, when the gate valve 1s
opened, due to the pressure difference between the process-
ing chamber and the loadlock chamber which are separated
by the gate valve. Accordingly, when practicing the present
invention, particles existing in the loadlock chamber will not
be induced 1nto the processing chamber when the wafers are
transferred from the loadlock chamber mnto the processing
chamber. This 1 turn prevents the by-products of the
process that 1s carried out 1n the processing chamber from
being scattered and contaminating the wafers.

Still further, relieving the pressure difference at the time
of transfer of the wafers from the loadlock chamber into the
processing chamber enhances the useful life of the gate
valve.

Although the present mvention has been described 1n
detail, it should be understood that various changes, substi-
tutions and modifications can be made thereto without
departing from the true spirit and scope of the present
invention as define by the appended claims.

What 1s claimed 1s:
1. A semiconductor manufacturing system comprising;:

a loadlock chamber;

a low level vacuum pump connected to said loadlock
chamber so as to create a low level vacuum 1n said

loadlock chamber;

a processing chamber in which a semiconductor manu-
facturing process 1s carried out while the processing
chamber 1s maintained at a high level vacuum of a
pressure that 1s less than that of said low level vacuum,;

a gate valve interposed between and connecting said
loadlock chamber and said processing chamber, said
gate valve being movable between a closed position at
which said processing chamber 1s 1solated from said
loadlock chamber and an open position at which said
chambers are open to each other so as to facilitate the
transfer of objects from said loadlock chamber to said
processing chamber; and

pressure relieving means for reducing the pressure differ-
ence between the low level vacuum of said loadlock
chamber and the high level vacuum of said processing
chamber when the gate valve 1s moved from said closed
to said open position thereof.

2. The semiconductor manufacturing system as claimed 1n
claim 1, wherein said pressure relieving means comprises a
high level vacuum pump, and a high level vacuum line
connecting said high level vacuum pump to said loadlock
chamber so as to produce a high level vacuum i said
loadlock chamber.

3. The semiconductor manufacturing system as claimed 1n
claim 2, wherein said high level vacuum pump 1s also
connected to said processing chamber.

4. The semiconductor manufacturing system as claimed in
claim 2, further comprising opening/closing means, dis-
posed 1n said high level vacuum line, for opening and
closing said high level vacuum line between said high level
vacuum pump and said loadlock chamber.

5. The semiconductor manufacturing system as claimed in
claim 4, further comprising a filter disposed in said high
level vacuum line between said loadlock chamber and said
opening/closing means.

6. The semiconductor manufacturing system as claimed 1n
claim §, further comprising a manual valve disposed 1 said
high level vacuum line between said loadlock

chamber and said filter.
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7. A semiconductor manufacturing system comprising;
a loadlock chamber;

a low level vacuum pump connected to said loadlock
chamber so as to create a low level vacuum 1n said
loadlock chamber;

a processing chamber 1n which a semiconductor manu-
facturing process 1s carried out while the processing
chamber 1s maintained at a high level vacuum of a
presuure that 1s less than that of said low level vacuum;

an air actuatable gate valve interposed between and
connecting said loadlock chamber and said processing
chamber, said gate valve being movable between a
closed position at which said processing chamber 1s
isolated from said loadlock chamber and an open
position at which said chambers are open to each other
so as to facilitate the transter of objects from said
loadlock chamber to said processing chamber;

an air supply line system connected to said gate valve and
through which system air passes to move said gate
valve between said open and closed positions thereof;

a high level vacuum pump;

a high level vacuum line connecting said high level
vacuum pump to said loadlock chamber, whereby said
loadlock chamber can also be evacuated to a high level
vacuum of a pressure that 1s less than that of said low
level vacuum; and

an air valve disposed 1n said high level vacuum line, said
air valve being movable by air between an open posi-
tion at which said high level vacuum pump 1s 1n open
communication with said loadlock chamber and a
closed position at which said high level vacuum line 1s
closed between said high level vacuum pump and said
loadlock chamber, said air valve being operatively
connected to said air supply line system so as to be
opened by air passing through said system to open said
gate valve.

8. The semiconductor manufacturing system as claimed 1n
claim 7, further comprising delay means, disposed 1n said air
supply line system, for creating a delay in the passing of air
through said air supply line system toward said gate valve.

9. The semiconductor manufacturing system as claimed in
claim 8, wherein said air supply line system comprises an
opening line through which air passes to open said gate
valve, and a closing line through which air passes to close
said gate valve, and said delay means 1s disposed 1n said
opening line at a location between said gate valve and a
point where said air valve 1s connected to said air supply line
system.

10. The semiconductor manufacturing system as claimed
in claim 7, wherein said high level vacuum pump 1s also
connected to said processing chamber so as to create said
high level vacuum therein.

11. The semiconductor manufacturing system as claimed
in claim 7, further comprising a filter disposed 1n said high
level vacuum line between said air valve and said loadlock
chamber.

12. The semiconductor manufacturing system as claimed
in claim 8, wherein said delay means i1s a needle valve.

13. The semiconductor manufacturing system as claimed
in claim 9, wherein said delay means i1s a needle valve.

14. A method of operating a semiconductor system which
includes a loadlock chamber, a low level vacuum pump
connected to said loadlock chamber, a processing chamber,
a gate valve interposed between and connecting said load-
lock chamber and said processing chamber, said gate valve
being movable between a closed position at which said
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processing chamber 1s 1solated from said loadlock chamber
and an open position at which said chambers are open to
cach other, a high level vacuum line connecting said high
level vacuum pump to said loadlock chamber, and an air
valve disposed 1n said high level vacuum line, said air valve
being movable by air between an open position at which said
high level vacuum pump 1s 1n open communication with said
loadlock chamber and a closed position at which said high
level vacuum line 1s closed between said high level vacuum
pump and said loadlock chamber, said method comprising:

loading at least one object to be processed into the
loadlock chamber and operating the low level vacuum
pump to maintain the loadlock chamber at a constant
low vacuum level;

evacuating the processing chamber until the processing
chamber 1s maintained at a constant high vacuum level
of a pressure that 1s less than that of said low vacuum
level;

subsequently opening the air valve to place the high level
vacuum pump 1n open communication with the load-
lock chamber and operating the high level vacuum
pump until the loadlock chamber assumes a constant
high vacuum level of a pressure that 1s less than that of
said low vacuum level, whereby a pressure differential
between the loadlock chamber and the processing
chamber 1s reduced;

subsequently opening the gate valve; and
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subsequently transferring the at least one object from the
loadlock chamber to the processing chamber through
the open gate valve.

15. The method of operating a semiconductor manufac-
turing system as claimed in claim 14, and in which manu-
facturing system the high level vacuum pump 1s connected
to said processing chamber,

wherein the step of evacuating the processing chamber
comprises operating the high level vacuum pump con-
nected thereto.

16. The method of operating a semiconductor manufac-
turing system as claimed in claim 14, and which manufac-
turing system further mcludes an air supply line system
connected to the gate valve, and a divergence air line
connecting the air supply line system to the air valve,

wherein the steps of opening the gate valve and the air
valve comprise feeding air from an air source through
the air supply line system toward the gate valve.

17. The method of operating a semiconductor manufac-
turing system as claimed in claim 15, and which manufac-
turing system further includes an air supply line system
connected to the gate valve, and a divergence air line
connecting the air supply line system to the air valve,

wherein the steps of opening the gate valve and the air
valve comprise feeding air from an air source through
the air supply line system toward the gate valve.
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